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According to Cahan et al. (2014), re-
programming somatic cells into induced
pluripotent stem cells (iPSCs) is the
most complete and successful pluripo-
tency manufacturing procedure. Indeed,
the GRNs of iPSCs and ESCs are essen-
tially indistinguishable. Reprogramming
success apparently depends on a well-
established protocol with a combina-
tion of well-defined transcription factors,
culture conditions, and selection makers.
The resultant iPSCs comprise a homo-
geneous population with a high clonality,
as a single cell readily expands into an
individual clone. Furthermore, current
culture conditions, for example 2i, sup-
port the growth of only undifferentiated
cells. The question remains how well
reprogrammed cells correspond to the
in vivo counterparts, namely the inner
cell mass (ICM) of blastocysts. They
might not correspond, because the
culture conditions during the repro-
gramming process determine whether
the cells eventually acquire a naive or
a primed pluripotent state (Han et al.,
2011). Moreover, a recent description
of abnormalities in human pluripotent
cells generated by reprogramming (Ma
et al., 2014) suggests that there is con-siderable room for improvement in this
field as well.
Taken together, the two studies dis-
cussed here have established that
assessment of the fidelity of in-vitro-
manufactured cells and improvement of
their quality using CellNet is feasible.
This achievement marks a compelling
step forward in the production of rele-
vant cells for regenerative medicine.
However, several points remain to be
addressed. CellNet cannot distinguish
between distinct cell subtypes, as it
operates largely based on bulk tissues.
Cells cultured in vitro often exhibit
specific characteristics imposed upon
them by their culture environment (Han
et al., 2011), whereas the majority of
the training data in CellNet is generated
from in vivo tissues. Those factors may
increase false-positive rates and in turn
lead to inaccurate conclusions. Employ-
ing single-cell RNA sequencing data
from distinct cell types that have been
actively cultured in vitro may resolve
the issues. Future studies should aim
to transfer this technology to cells
from patients with genetically inherited
disorders for screening aberrant net-
works and finding ways to correctCell 15these networks by means of genetic
manipulation.
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Photosystem II uses metal ions to oxidize water to form O2. Two recent papers employ the new
technique of serial femtosecond crystallography utilizing X-ray free-electron lasers and nanocrys-
tals to obtain initial structures of intermediate states of photosystem II catalysis at the site of oxygen
production.Walking through the green of summer
should remind us of the unseen molecular
machinery that plants, algae, and cyano-
bacteria use to harness light for the con-
version of water and carbon dioxide into
sugars and oxygen. Photosynthesis main-tains Earth’s oxygen levels and provides
the basis of our food chain (Blankenship,
2014). Membrane-bound multiprotein
complexes, photosystems I and II, cata-
lyze the light-driven reactions at the heart
of this process. Two recent articles use se-rial femtosecond crystallography to cap-
ture time-resolved snapshots of changes
in the oxygen-evolving center of photo-
system II (Kern et al., 2014; Kupitz et al.,
2014). These studies not only provide
insight into structural events occurring8, August 14, 2014 ª2014 Elsevier Inc. 701
Figure 1. Structure of theOxygen-Evolving Center of Photosystem II
The structure of theMn4CaO5 cluster determined by Umena et al. (2011). Side-
chains from the D1 and CP43 protein components (indicated by a ’) of
photosystem II are shown. Themanganese (rose), calcium (gold), and oxygens
(red) in the metal center are shown as spheres, with dotted black lines con-
necting the atoms to highlight the distorted cubane architecture. The position
of the ‘‘dangling’’ manganese is also noted. Four water ligands are shown with
dotted gray lines showing hydrogen bonds to the metal cluster. Hydrogen
bonds between side-chains and the cluster are not shown for clarity.during photosynthetic split-
ting of water, but also show-
case the growing potential
of a new structural biology
method.
A major bottleneck in tradi-
tional protein crystallography
is growing large, diffraction-
quality protein crystals. A
typical experiment involves
collecting X-ray diffraction
data on a single crystal at
cryogenic temperatures to
limit radiation damage while
maximizing resolution, and
strongly diffracting crystals
yield high-quality data that
can be used to create detailed
structural models. Data can
be collected from small or
weakly diffracting crystals us-
ing brighter beams, but higher
X-ray doses cause extensive
radiation damage that limits
data quality. Also, high-valent
metal centers can be reducedbyexposure toX-rays.Oneway to circum-
vent radiation damage is to use more
intense radiation and to collect the X-ray
diffraction data before damage sets in.
Recent advances in the development
of X-ray free-electron lasers (XFEL) are
opening new avenues for structural biolo-
gists to work around radiation damage
with nanocrystals and rapid X-ray expo-
sure (Schlichting and Miao, 2012; Bogan,
2013), turning what would once have
been seen as crystallographic junk into
an important source of structural informa-
tion. Importantly, these approaches also
provide the opportunity for time-resolved
analysis.
In 2009, the Linac Coherent Light
Source came online at the SLAC National
Accelerator Laboratory. This 3 km long
particle accelerator generates an XFEL
that delivers X-ray pulses on the timescale
of <50 fs that are more than 1 billion-fold
brighter than current synchrotron sour-
ces (see Bogan, 2013 for references on
XFEL). The rapid delivery of a high-inten-
sity X-ray pulse allows for collection of
data on a crystal before radiation damage
occurs (Doerr, 2011). Because the crystal
is ultimately destroyed by the intense radi-
ation of the pulse, data collection requires
the constant delivery of crystals into the
beam with each crystal contributing to702 Cell 158, August 14, 2014 ª2014 Elseviethe total data set. This new technique,
known as serial femtosecond crystallog-
raphy, can requiremillionsof single-crystal
diffraction images collected from a stream
of nanocrystals for structure determina-
tion. For example, Chapman et al. (2011)
first demonstrated how this approach
could mitigate radiation damage by us-
ing >3,000,000 diffraction patterns each
collected from individual nanocrystals
of photosystem I hit by short-lived X-ray
pulses. As a technology, the applications
of XFEL sources and serial femtosecond
crystallography are in their infancy.
The timescale of the XFEL makes
possible detailed mechanistic studies of
enzymatic reactions. Kern et al. (2014)
and Kupitz et al. (2014) build on earlier
biophysical studies (Yano et al., 2006),
high-resolution protein crystallography
(Umena et al., 2011), and combined
femtosecond X-ray spectroscopy and
diffraction analysis (Kern et al., 2013) to
provide snapshots of the water oxidation
cycle in the oxygen-evolving complex of
photosystem II, using time-resolved serial
femtosecond crystallography.
The catalytic center of the oxygen-
evolving complex is a metal cluster con-
taining four manganese ions and one
calcium ion (Figure 1). Light causes
the oxygen-evolving complex to cycler Inc.through a series of states,
known as the Kok cycle,
which are correlated with suc-
cessive oxidation of the man-
ganese ions in the cluster.
These changes in oxidation
state of the metal cluster
allow for splitting of water
into protons and oxygen. Dif-
ferences in placement of the
metal ions and putative li-
gands in early studies of
photosystem II did not pro-
vide sufficient resolution of
the metal center’s organiza-
tion. For example, polarized
X-ray absorption fine struc-
ture (EAXFS) suggestedmulti-
ple models for the Mn4Ca
cluster (Yano et al., 2006).
The first high-resolution view
of the substrate waters and
arrangement of amino acid
side-chains around the oxy-
gen-evolving complex came
from the 1.9 A˚ resolutionstructure of photosystem II (Umena
et al., 2011) that revealed a Mn4CaO5
cluster with three manganese, the cal-
cium, and four waters forming a non-ideal
cubane-like structure. The fourth manga-
nese was outside of the cubane in a
‘‘dangling’’ position. Although a major
step forward, the X-ray dose and cryo-
genic temperature used for data collec-
tion influence the geometry and redox
state of the cluster.
To better understand the cyclic reaction
sequence of the oxygen-evolving com-
plex of photosystem II, earlier work from
Kern et al. (2013) demonstrated how
simultaneous femtosecond X-ray spec-
troscopy and X-ray diffraction at room
temperature could be used to
examine the S1 (dark) and S2 (first flash)
states, which indicated no major struc-
tural changes in the S1-to-S2 transition
of the oxygen-evolving complex. Now, a
series of time-resolved studies tracks
the oxygen-evolving center through the
full Kok cycle. Kupitz et al. (2014) employ
two lasers to progressively excite the ox-
ygen-evolving center from the S1 to S3
(double-flash) state, with data collected
on dark and illuminated crystals. Compar-
ison of the electron density of the metal
clusters in these structures at 5 A˚ for the
dark and 5.5 A˚ for the illuminated crystals
yielded differences that were interpreted
as an elongation of the ‘‘dangling’’ man-
ganese away from the rest of the cu-
bane-like cluster along with movements
in two proximal protein loops to allow for
access of a water molecule to the site. In
contrast, Kern et al. (2014) used serial
femtosecond X-ray diffraction and spec-
troscopy of photosystem II to examine ox-
ygen evolution. This report suggests that
no significant structural changes, based
on 4.5–5.2 A˚ resolution structures, occur
during the Kok reaction sequence, though
differences with the high-resolution crys-
tal structure determined at cryogenic
temperatures are described. Together,
these studies provide two different and
somewhat inconsistent low-resolution
views of the oxygen-evolving complex
during the Kok cycle.
Ultimately, Kupitz et al. and Kern
et al. demonstrate the potential of time-resolved serial femtosecond crystallog-
raphy as an experimental tool; however,
the low-resolution structures preclude a
truly detailed analysis of the changes
in the metal cluster during catalysis.
Nevertheless, as improvements in liquid
handling of crystals, crystal quality, and
datacollectionaremade, theoverallmeth-
odology promises to develop and may ul-
timately provide critical information that
will permit the elucidation of the detailed
chemical mechanism of water oxidation
and oxygen production.REFERENCES
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